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Abstract: Acanthamoeba spp. commonly cause Acanthamoeba keratitis which is typically associated with the wear of 
contact lenses. Therefore, finding an economic, efficient, and safe therapy of natural origin is of outmost importance. This 
study examined the in vitro lethal potential of ethyl acetate and methanol extracts of Helianthemum lippii (L) (sun roses) 
against Acanthamoeba castellanii cysts isolated from patients with amoebic keratitis. Both extracts proved to be potent 
as regard to their lethal effects on A. castellanii cysts with comparable results to chlorhexidine. The ethyl acetate was more 
promising with cumulative lethality. It showed a highly significant lethal percentage along the duration of treatment. The anal- 
ysis of the more potent ethyl acetate extract revealed the presence of 2.96 mg/1 00 g of total phenolics, 0.289 mg/1 00 ml of 
total flavonoids and 37 mg/1 00 mg of total tannins which highlighted their phytomedicinal role. 
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INTRODUCTION 

Acanthamoeba is a group of single-celled free-living amoebae 
that are opportunistic pathogens of humans. There are 2 life cy- 
cle stages in this environmental amoeba, an infective trophozo- 
ite and a resilient cyst [1]. Trophozoites live on a variety of bac- 
teria, when environmental conditions become unfavorable; the 
organism encysts. In the cyst form, the amoeba is capable of 
surviving up to a year and is resistant to temperature and pH 
[2]. Acanthamoeba spp. have been isolated from several habitats 
[3], including soil, dust, air, natural and treated water, sea water, 
drinking water, bottled water, dental treatment units, dialysis 
units, eyewash stations, and contact lenses and lens cases [4]. 

Acanthamoeba spp. commonly cause Acanthamoeba keratitis 
[5]. The first signs are inflammation with redness, epithelial 
defects and photophobia, edema, pain due to radial neuritis, 
epithelial loss, and stromal abscess formation with vision- 
threatening consequences [3]. The most characteristic clinical 
feature is the presence of a ring-like stromal infiltrate, thought 
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to correspond to the infiltrating inflammatory cells [6]. It is 
typically associated with the use of contact lenses [4] which 
seems to be the most important factor. Treatment of Acantham- 
oeba keratitis regimen includes combination therapy which 
uses 2-3 biocides, such as biguanides, chlorhexidine, and poly- 
hexamethylene biguanides, or in combination with diamidines 
which are effective in the treatment [6]. Resistance to chemo- 
therapeutic agents is probably the principal factor contributing 
to the increase in cases that may result in loss of vision. 

In an effort to improve the therapy, medicinal plants are 
used as a source of new agents with high activity and low tox- 
icity. Extracts and essential oils were effective in controlling the 
growth of a wide variety of microorganisms, including bacte- 
ria, parasites, yeasts, and filamentous fungi. Medicinal plants 
such as Thymus [7], Salvia staminea [8], Ipomoea sp., Kaempferia 
galanga, Cananga odorata [9], Teucrium polium, Teucrium chamae- 
drys [10], Pastinaca armenea, Inula oculus-christi [11], Peucedanum 
species [12], Rubus chamaemorus, Pueraria lobata, Solidago vir- 
gaurea, Solidago graminifolia [13], Pteivcaulon polystachyum [14], 
and Allium sativum [15,16], Arachis hypogaea L, Curcuma longa L. 
and Pancratium maritimum L [17] extracts have proven to be ef- 
fective growth inhibitors to Acanthamoeba even more than the 
currently used therapy. 

Cistaceae family is indigenous to the Mediterranean coun- 
tries and comprises 200 species, including Helianthemum (H.) 
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spp. (sun roses) which are cultivated as ornamentals [18]. He- 
lianthemum lippii (L.) (syn. Helianthemum sessilflorum) metha- 
nol and CHCh extracts were reported to exhibit significant an- 
algesic and anti-inflammatory activities [19]. Other species, 
Helianthemum ghmeratum, an endemic medicinal herb which 
has gained popularity with the name 'cenicilla', was used to 
treat abdominal pain, infectious diarrheal diseases, stomach 
pain, worm infections, and dysenteiy. Methanol extracts of the 
aerial parts of H. ghmeratum had antibacterial, antifungal, and 
antiprotozoal properties [20-22]. In relation to phytochemical 
studies, 3 flavonoids (kaempferol, quercetin, and tiliroside) 
were isolated from the aerial parts, with anti-amoebic activity 
[23]. Another phytochemical study done with H. ghmeratum 
roots, led to the identification of flavan-3-ol, (-)-epigallocate- 
chin as the main anti-giardial and anti-amoebic compound 
[24]. Although from this family many species have been stud- 
ied, few reports could be traced on H. lippii (L). 

Thus, the present study reports the isolation and anti-acan- 
thamoebic activities of ethyl acetate and methanol extracts 
from H. lippii with comparative evaluation of their in vitro ef- 
ficacy on Acanthamoeba castellanii cysts isolated from patients 
with amoebic keratitis. 
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Fig. 1 . Standard curves of gallic acid using Folin-Ciocalteu reagent 
screening of ethyl acetate extract of Helianthemum lippii (L.) (D). 



MATERIALS AND METHODS 

Chemicals and reagents 

All the chemicals used were analytical grade. Quercitin and 
gallic acid were purchased from Across organics (Geel, Bel- 
guim). The n-hexane, ethyl acetate, methanol, DMSO, and 
chlorhexidine gluconate were obtained from Sigma and Roth 
(Strasbourg, France). UV spectra were recorded in methanol 
extract on a Shimadzu UV-1650 PC UV/Visible spectropho- 
tometer; A. max (nm). Ready-made silica gel GF 254 plates, 
aluminum sheets forTLC (E. Merck, Darmstadt, Germany). 
The chromatograms were detected with a UV lamp at 254 and 
365 nm. 

Plants 

The plant was collected from the northern part of Egypt, El 
Alameen, and kindly identified by senior botanist Mohamed 
Gibali. A voucher specimen no. 2009BUPD25 is available for 
inspection at the Department of Pharmacognosy, Faculty of 
Pharmacy, Beni-Suef University, Egypt. The aerial parts of H. 
lippii (L.) (Fig. 1) (100 g) were exhaustively extracted, by mac- 
eration, with methanol extract at room temperature. The ex- 
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(A), quercetin (B), and gallic acid using FeCI3 (C) for phytochemical 
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tract was then concentrated under reduced pressure to give a 
semisolid residue. After removal of the solvent, the residue was 
defatted with petroleum ether. The defatted portion was sus- 
pended in H 2 0 and partitioned into 2 portions; ethyl acetate 
extract and methanol extract. The 2 portions were subjected to 
the biological study. 

Ethyl acetate and methanol extraction 

Based on the biological results, a further phytochemical 
screening of the ethyl acetate extract was performed spectro- 
photometrically. The dried ethyl acetate extract was tested for 
the presence of flavonoids, phenols, and tannins by giving in- 
tense yellow color with an alkali for flavonoids and by giving 
dark blue or green for phenols and tannins. The total phenolic 
content present in the ethyl acetate extract was estimated by 
the Folin-Ciocalteu method. A weighed amount (0.5 g) of the 
tested extract was mixed with 50 ml of 80% methanol for 20 
min. After filtration of the extract, the filtrate was adjusted to 
50 ml with methanol. Aliquot amounts of the individual ex- 
tracts were used for determination of total phenolic contents. 
The experiments were carried out in duplicate. Different dilu- 
tions (20, 40, 60, 80, and 100 mg/ml) of gallic acid were used 
for drawing of the standard curve. An aliquot of 1 ml each of 
the tested extracts and gallic acid solutions were introduced 
into a volumetric flask (25 ml) containing distilled water (9 
ml). One ml of the reagent Folin-Ciocalteu was added, fol- 
lowed by 10 ml of Na2C03 (7%) after 5 min. The solution was 
mixed carefully and left at room temperature for 1.5 hr. A 
blank experiment was processed with distilled water. The ab- 
sorbance was recorded at 750 nm colorimetrically. Results of 
total phenolic content, in each sample, expressed as mg/g of 
gallic acid equivalent was deduced from the standard curve 
[25] (Fig. 1). 

Total flavonoid content of each treatment were determined 
using AlCh colorimetric method. One gram of the ethyl acetate 
extract was macerated in 25 ml of 80% methanol solution for 
24 hr in room temperature. The filtrate was adjusted to 25 ml 
with 95% methanol solution, and 1 ml of 2% AICI3 in metha- 
nol was added to 1 ml of the resulted filtrate. After 15 min, the 
absorption of the solution was measured using a spectropho- 
tometer at 510 nm against A1C1 3 solution. The total flavonoids 
were determined using the calibration curve of quercitin, and 
the results are expressed as mg/100 ml [26] (Fig. 1). 

One gram of the dried ethyl acetate extract was thoroughly 
extracted with 100 ml of distilled water for 1 hr, at room tem- 



perature, using a shaker. The filtrate was adjusted to volume 
with distilled water. An aliquot (10 ml) of the filtrate was 
transferred to the spectrophotometer tube and treated with 5 
ml of 0.1 M FeCh solution (dissolved in 0.1 N HQ containing 
0.008 M potassium ferrocyanide). The absorbance of the color 
was measured, within 10 min, at 120 nm, and the blank solu- 
tion used was prepared with distilled water. A standard solu- 
tion of gallic acid was used for comparison. The tannin con- 
tent was calculated in terms of gallic acid equivalent mg/100 
mg dry weight [27] (Fig. 1). 

Corneal scraping from keratitis patients 

Corneal scrapings were collected from keratitic patients at- 
tending the corneal outpatient clinic of the Research Institute 
of Ophthalmology (RIO), Giza, Egypt, where Acanthamoeba 
isolation and testing were performed in the Diagnostic and 
Research Laboratory of Parasitic Diseases, Parasitology Depart- 
ment, Faculty of Medicine, Ain Shams University, Cairo, Egypt. 
The specimens were inoculated directly onto the surface of 
1.5% non-nutrient agar (NNA) plates seeded with Escherichia 
coli bacterial suspension and incubated in a humidified cham- 
ber at 30°C [28]. The presence of Acanthamoeba could be seen 
by the dear tracks on the E. coli lawn NNA produced by the 
feeding trophozoites of Acanthamoeba. Examination of the agar 
plate surface for the presence of amoebic growth was carried 
out daily for up to 7 days with light and inverted microscopes 
using a x 40 objective. Acanthamoeba was identified by the spe- 
cific morphology of cysts and trophozoites. Subcultures were 
done after 2 weeks from positive cultures with confirmed 
amoebic growth by cutting a small square of agar using a ster- 
ile scalpel and placing it upside down on new NNA-E. coli 
plates. The plates were incubated in humidified chambers at 
30°C and examined after 24 hr. Performing sub-culturing sev- 
eral times facilitated the isolation of Acanthamoeba. Cysts were 
collected from 3-week cultures. The agar surfaces were flooded 
with 5 ml of PBS and were gently soaped with an inoculating 
loop. Cysts were harvested from the suspension by centrifuga- 
tion at 350 g for 10 min. The supernatant was aspirated, and 
the sediment was washed twice in PBS in order to eliminate 
most of the bacteria. Cysts in the resultant suspension were 
counted with a hemocytometer, and the suspension was stan- 
dardized to be 25 x 10 4 /ml [29]. 

Amoebicidal activity 

In order to evaluate the in vitro amoebicidal activity of meth- 
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anol extract and ethyl acetate extracts of H. lippii on Acantham- 
oeba cysts, amoebae were incubated with different concentra- 
tions of H. lippii ethyl acetate extract and H. lippii methanol 
extract, 500 (CI), 250 (C2), 125 (C3), 64 (C4), 32 (C5), 16 
(C6), and 8 (C7) mg/ml, adjusted by dilution of each in di- 
methyl sulfoxide 1% (DMSO) to the specified concentration 
of the drug for different incubation periods (24, 48, and 72 
hr). A 100-ul of the calibrated cyst suspension (2.5 x 10 5 /ml) 
was inoculated into each well of a 96-well plate, left for 30 min 
to avoid disturbance of the adherence of amoebae onto the 
wells' surface. PBS solution was removed, and 100 pi of each 
concentration of the plant fractions was added into the wells. 
The plate was incubated at 30°C for different incubation peri- 
ods. In addition, non-treated control (negative control) con- 
taining only the parasite in PBS and drug control (positive 
control) containing the parasite plus 0.02% chlorhexidine glu- 
conate (prepared from a solution 20% in H 2 0 CHX, C-9394; 
Sigma) were used. The effect of DMSO was excluded by using 




Fig. 2. Light microscopy of non-viable cysts (A) and viable cysts 
(B) of Acanthamoeba castellanii treated by Helianthemum lippii (L) 
extracts. 



a well containing the parasite plus 1% DMSO. Trials were per- 
formed in triplicates. After each incubation period, 100 pi from 
each test and control well was transferred into 100 pi of 0.3% 
basic methylene blue media for counting the unstained (via- 
ble) and stained (non-viable) cysts by hemocytometer, 10 min 
after stain addition. Cultures containing non-viable cysts were 
inoculated onto NNA-E. coli plate, incubated at 30°C for an ad- 
ditional 72 hr, and examined to detect any viable cysts [16]. 

The collected data was revised, coded, tabulated and intro- 
duced to a PC using Statistical package for Social Science (SPSS 
15.0.1 for windows; SPSS Inc., Chicago, Illinois, USA). An in- 
formed consent was taken from all the patients after explain- 
ing the aim of the study. The study was approved by the re- 
search Ethics Committee, Faculty of Medicine, Ain Shams Uni- 
versity, Egypt. 

RESULTS 

Light microscopic appearances of non-viable (stained) and 
viable cysts (unstained) after incubation with H. lippii (L.) ex- 
tracts are shown in (Fig. 2). Ethyl acetate extract showed a 
highly significant lethal percentage along the duration of treat- 
ment in comparison to methanol extract which showed no 
significant difference as regard to the percentage of non-viable 
cysts along the duration of treatment (Table 1). There was a 
significant difference between ethyl acetate extract and metha- 
nol extract regarding the percentage of non-viable cysts at days 
1 and 2 and highly significant difference at day 3 (Table 1). 
Ethyl acetate showed higher percentage of non-viable cysts at 
different follow-up intervals, and the highest mean of non-via- 
ble cysts was reported in the 3rd day of incubation regarding 
all the drug concentrations (47.5 ±22.9) while the mean 
among methanol was highest at day 2 (25 ± 12.1) (Fig. 3). 



Table 1 . Comparison between ethyl acetate and methanol extracts versus negative (non-treated parasite) and positive (chlorohexidine) 
controls with regard to the percentage of non-viable cysts at days 1 , 2, and 3 





Ethyl acetate 
extract 


Methanol 
extract 


PA a 


Negative Positive 
control control 


Ethyl acetate extract 


Methanol extract 




Mean±SD 


Mean±SD 


Negative control 
P-value c 


Positive control 
P-value° 


Negative control Positive control 
P-value c P-value c 


Day1 


28.0±9.3 


19.5 + 1 1 .3 


0.011 


6.4±0.28 7.4+1.13 


0.0001 


0.0001 


0.0001 


0.0001 


Day 2 


37.2±13.6 


25.0+12.1 


0.004 


14.3±0.21 30.2±2.6 


0.0001 


0.029 


0.001 


0.062 


Day 3 


47.5±22.9 


24.0±18.4 


0.001 


22.3±0.21 53.1±4.1 


0.0001 


0.278 


0.677 


0.0001 


P-value b 


0.001 


0.27 















"Repeated measures ANOVA (PA). 
"Student's f-test (P). 

c One sample T test (P>0.05, non-significant; P<0.05, significant; P<0.001 , highly significant). 
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Ethyl acetate 




Table 2. Comparison between different concentrations of ethyl 
acetate and methanol extracts with regard to the percentage of 
non-viable cysts at days 1,2, and 3 



Day 1 



Day 2 



Day 3 



Fig. 3. Comparison between ethyl acetate and methanol extracts 
as regard to the percentage of non-viable cysts at days 1 , 2, and 3. 

There was a highly significant difference between ethyl ace- 
tate extract and negative control regarding the percentage of 
non-viable cysts at days 1, 2, and 3. Ethyl acetate extract 
showed higher percentage at different follow-up intervals, on 
the other hand, there was a highly significant difference be- 
tween methanol extract and negative control (non-treated par- 
asite) at days 1 and 2 only where methanol extract showed 
higher percentage of non-viable cysts. However, at day 3 no 
significant difference was detected (Table 1). 

There was a highly significant difference between ethyl ace- 
tate extract and positive control (chlorhexidine) in the percent- 
age of non-viable cysts at day 1 and significant difference at 
day 2. Ethyl acetate extract showed higher percentage of non- 
viable cysts; however, at day 3 no significant difference was de- 
tected between both ethyl acetate extract and positive conttol. 
There was a highly significant difference between methanol 
extract and drug control in the percentage of non-viable cysts 
at days 1 and 3. Methanol extract showed higher percentage of 
non-viable cysts at day 1 (Table 1). 

Regarding the different concentrations, 500 (CI), 250 (C2), 
125 (C3), 64 (C4), 32 (C5), 16 (C6), and 8 (C7) mg/ml, they 
all gave best results at the 3rd day of incubation using ethyl ac- 
etate extract; except for the fifth concentration (C5) which gave 
best results on the 1st day of incubation. Regarding methanol 
extract, there was no rule for the different concentrations in 
the different incubation periods. First and forth concentrations 
(CI, C4) gave the best results in the first day of incubation, 
while second, third, fifth, and seventh concentrations (C2, C3, 
C5, C7) showed their best at day 3 and sixth concentration 
(C6) gave its best results at day 2 (Table 2). 

Regarding the different concentrations of ethyl acetate ex- 
tract and methanol extract as regard to the percentage of non- 
viable cysts at days 1, 2, and 3, there was a significant differ- 



Ethyl acetate extract 



Methanol extract 







Mean 


SD 


P-value a 




Mean 


SD 


P-value a 


Day 1 


C1 


24.0 


7.0 


0.3 


C1 


33.6 


5.5 


0.0001 




C2 


22.0 


5.1 




C2 


22.3 


7.5 






C3 


36.3 


12.7 




C3 


21.3 


7.0 






C4 


20.6 


3.5 




C4 


32.3 


1.1 






C5 


32.0 


4.5 




C5 


10.0 


6.0 






C6 


29.0 


11.3 




C6 


8.3 


2.0 






C7 


32.0 


12.1 




C7 


8.6 


5.6 




Day 2 


C1 


50.3 


16.7 


0.01 


C1 


1 1 .3 


1 .5 


0.0001 




C2 


43.0 


12.1 




C2 


37.6 


6.3 






C3 


53.0 


8.8 




C3 


34.0 


7.0 






C4 


25.0 


8,7 




C4 


30.0 


1.0 






C5 


31.3 


3.2 




C5 


36.6 


3.7 






C6 


29.3 


6.5 




C6 


12.0 


1.0 






C7 


28.3 


6.4 




C7 


13.0 


3.6 




Day 3 


C1 


75.0 


21.9 


0.002 


C1 


6.0 


1.0 


0.003 




C2 


51.0 


1.7 




C2 


45.3 


14.0 






C3 


73.0 


27.7 




C3 


38.6 


14.1 






C4 


38.3 


7.0 




C4 


14.6 


0.5 






C5 


17.0 


2.6 




C5 


39.6 


22.5 






C6 


41.6 


7.2 




C6 


10.6 


3.2 






C7 


36.6 


2.3 




C7 


13.0 


6.5 





C, Concentration. 

a ANOVA (P>0.05, non-significant; P<0.05, significant; P< 0.001, highly 
significant). 

ence between the different concentrations of ethyl acetate ex- 
tract at days 2 and 3, while non-significant difference was de- 
tected at day 1. There was a highly significant difference be- 
tween the different concentrations of methanol extract at days 
1 and 2, and significant difference at day 3 (ANOVA, post hoc 
test) (Table 2). Based on these biological results, a further phy- 
tochemical screening of ethyl acetate extract, being more po- 
tent, was performed. The content of total phenolics, flavo- 
noids, and tannins were calculated as 2.96, 0.289, and 37 
mg/100 mg, respectively. 

DISCUSSION 

Acanthamoeba keratitis is a chronic infection and difficult to 
treat. Moreover, failure to control infection can lead to perma- 
nent loss of vision [30]. Early diagnosis is crucial for the suc- 
cessful treatment of Acanthamoeba infections [31]. Flowering 
plants produces a variety of potent drugs. Globally, there is a 
raising trend to shift resources from allopathic to traditional 
health care systems [32], 
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The Helianthemum taxa used in folk medicine did not duster 
in a unique section, being equally distributed in 2 out of the 4 
sections analyzed. There was no clear relationship between the 
chemotype based on the polyphenolic composition and their 
taxonomical classification. However, the composition of the 
methanol and water extracts from the leaves of plants belong- 
ing to the Helianthemum genus was strongly related to their 
medicinal uses. The Helianthemum genus contains approxi- 
mately 100 taxa. Some of them are important medicinal plants 
used in several countries for many different purposes. Howev- 
er, studies addressing the biological activities of many of these 
species or their phytochemisUy are currently non-existent [33]. 
The Cistaceae family has proved great phytomedicinal potency 
[18], including species like H. lippii [19] and H. glomeratum 
[20-22]. Preliminary phytochemical screening of H. lippii re- 
vealed the presence of flavonoids, tannins, glycosides, simple 
phenolics, free reducing sugars, and saponines [19]. 

Our study aimed to evaluate the anti-acanthamoebic activi- 
ties of H. lippii ethyl acetate and methanol extracts in vitro. In 
the present study, both exttacts showed high potency in their 
lethal effects on A. castellanii cysts, and ethyl acetate was more 
promising with regard to its cumulative lethal effects. 

In this study, the phytochemical screening of the ethyl ace- 
tate extract revealed a highest concentration of tannins which 
highlighted its lethal potency and opens a way to study the se- 
lective and synergetic action with the other fractions; total phe- 
nolics and flavonoids. It was proved previously that semi-puri- 
fied polyphenolic fractions of H. glomeratum were effective 
against bacterial isolates. Polyphenolics or the so-called vege- 
table tannins are widely distributed in medicinal plants. Re- 
cent advances in separation procedures have led to the isola- 
tion of a large number of this type of compound which has 
shown a variety of biological activities, such as antiviral, anti- 
oxidant, and anti-tumor. Polyphenols were fractionated to Po5 
and epigallocatechin which proved to have strong anti-amoe- 
bic activities [24]. Antibacterial and antifungal activities have 
also been reported [34]. 

The polyphenolic profile was specific for each taxon. Where- 
as Helianthemum alypoides, Helianthemum cinereum, Helianthe- 
mum hirtum, Helianthemum asperum, and Helianthemum marifo- 
lium were characterized by the presence of gallic acid, egallic 
derivatives, and ellagitannins; the polyphenolic profile of Heli- 
anthemum apenninum, Helianthemum syriacum, and Helianthe- 
mum polygonoides was mostly based on flavonoids. Helianthe- 
mum cinereum, Helianthemum alypoides, and Helianthemum 



marifolium consistently presented the strongest radical scaveng- 
ing activity and antimicrobial activities [33]. 

Previously methanol extracts obtained from the aerial parts 
and the roots of H. glomeratum were active against axenic Ent- 
amoeba histolytica and Giardia lamblia trophozoites in vitro. The 
flavonoids found in the aerial parts, tiliroside and kaempferol, 
were shown to be inhibitors of the growth of both parasites, 
kaempferol being the most active [24]. 

The inhibitory concentrations of kaempferol and tiliroside 
in the leaves [23] were similar to that of (y)-epigallocatechin 
in the roots, it was suggested that these flavonoids participate 
in the activity of the plant. Epigallocatechin and epigallocate- 
chin gallate were claimed to be promising anticancer agents 
[35]. Overall, our findings confirmed that ethyl acetate and 
methanol extracts of H. lippii had a lethal potential as acan- 
thamoebicidal agents with more attention to ethyl acetate. In 
vivo model is still needed to detect whether these extracts are 
good enough to control and eradicate this life-threatening 
pathogen. In addition, further analysis is essential to validate 
the chemical composition and possible active compounds 
which may serve as a new source of chemotherapeutic agents 
for the treatment of Acanthamoeba keratitis. 
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